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Introduction
In human body, amino acid metabolism produces ammonia. It is mostly in form of 
ammonium at physiologic pH and maintained at low concentration by urea cycle 
function that converts ammonium to urea in the liver and excretes it in urine (1). In 
the central nervous system (CNS), urea cycle is not active and glutamine synthetase 
of asterocytes converts the glutamate and ammonium to glutamine (2). 
In newborns, hyperammonemia is potentially fatal for developing brain by 
increasing lactate, compromised energy metabolism, brain edema and disturbances 
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Abstract
Objective
Perinatal asphyxia may result in hypoxic damage in various body organs, 
especially in the central nervous system. It could induce cascade of biochemical 
events leading to the cell death and metabolic changes, eventually may 
increase plasma ammonia levels. The purpose of this study was to determine 
the prevalence of hyperammonemia in neonates with asphyxia and to find the 
relationship between ammonia levels and severity of asphyxia.
Material & Methods
In this cross-sectional study, we included 100 neonates with perinatal asphyxia 
in the Neonatal Intensive Care Unit of Ali-Asghar Hospital, Iran University of 
Medical Science, Tehran, Iran in 2010-2011. All full term patients diagnosed of 
asphyxia were enrolled. The relationship between plasma ammonia levels and 
sex, gestational age, birth weight and severity of asphyxia were determined. 
Data were analyzed using SPSS software.
Results
Fifty six percent of neonates were male. The mean gestational age was 38.0± 1.2 
wk. Mean plasma ammonia level was 222 ± 100 μg/dl and 20% of the neonates 
had hyperammonemia. It was not associated with gender, gestational age, birth 
weight, and asphyxia severity. Six patients died and mean plasma ammonia 
levels was 206±122 μg/dl. In this group, there was no significant relation between 
plasma ammonia levels and severity of asphyxia. No significant different was 
seen between plasma ammonia in dead and lived neonates. 
Conclusion
According to high prevalence of hyperammonemia in neonatal asphyxia, 
measurement of plasma ammonia levels, is suggested to improve management 
of asphyxia. 
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in electrophysiology of the neurons (3). It may lead 
to loss of consciousness, seizures, abnormal muscle 
tone and cognitive impairment. In pediatric age 
groups, hyperammonemia can cause cortical atrophy, 
demyelination and ventricular enlargement. Extension 
of damages depends on duration and severity of the 
exposure to ammonium (1, 4, 5). 
Hyperammonemia in neonates has various inherited 
and acquired etiologies. Inborn errors of metabolism, 
including urea cycle disorders, organic acidemias and 
fatty acid oxidation disorders are inherited causes of 
hyperammonemia (5, 6). Transient hyperammonemia 
of the newborn (THAN) is a condition with severe 
hyperammonemia. The possible pathogenesis of 
THAN is transient platelet activation and shunting 
of blood from the portal circulation of the liver to 
the systemic circulation (7, 8). Other conditions with 
hyperammonemia are liver dysfunction associated 
with sepsis, herpes simplex infection and perinatal 
asphyxia (8, 9). Asphyxia usually occurs in term infants 
(gestational age more than 37 wk) who have signs of 
fetal distress before delivery and low apgar scores and 
may develop neurologic complications in 24 h after 
delivery (10). 
Perinatal asphyxia can cause hypoxic damage in 
various organs, including kidneys, lungs, liver, and 
most importantly CNS. At the cellular level, hypoxic–
ischemic damage may create a cascade of biochemical 
events leading to the cell death (3). During hypoxic 
stress, protein breakdown may increase and hepatic urea 
biosynthesis decrease and lead to hyperammonemia 
(11). Rising of the plasma ammonia in neonates suffered 
from asphyxia, could be associated with further increase 
the risk of brain damage (1). Accordingly, assessment 
of hyperammonemia in cases of perinatal asphyxia 
seems to have a great importance in management of the 
patients. 
The present study was conducted to evaluate the 
prevalence and associated factors of hyperammonemia 
in newborns with perinatal asphyxia.
Materials & Methods
This prospective cross sectional study was performed 
in Neonatal Intensive Care Unit (NICU) of Ali-Asghar 
Tertiary Hospital, Iran University of Medical Science, 
Tehran, Iran, from January 2010 to April 2011.
The study was approved by Medical Ethics Committee 
of Iran University of Medical Sciences. Informed 
consent was taken from parents and the cases enrolled 
in the survey.
During the study period,  102 patients of 1-6 h age, 
with diagnosis of asphyxia were enrolled. Definitive 
diagnosis of perinatal asphyxia was according to 
the following criteria: symptoms of encephalopathy 
(hypotonia, reduced reflexes, changes in pupils, and 
seizure), apgar score of 0 to 3 for longer than 5 min, 
umbilical cord arterial pH less than 7, and multisystemic 
organ dysfunction (12). 
In our cases, asphyxia was determined by a neonatologist 
who referred neonates from Akbarabadi Maternity 
Hospital to our center. In Ali-Asghar NICU, patients 
were visited by second neonatologist and re-evaluated 
for severity of asphyxia according to Sarnat and Sarnat 
classification. Perinatal asphyxia from point of severity 
has three stages: 
In stage 1 there are mild encephalopathy, infant 
hyperalertness, dilated pupils and normal 
electroencephalography (EEG). Stage 2 includes 
moderate encephalopathy, lethargy, hypotonia, small 
pupils, seizures and abnormal EEG. In stage 3, there 
are severe encephalopathy, stupor, flaccidity, absence 
of reflexes, seizures and abnormal EEG with decreased 
background activity (13). 
Exclusion criteria were defined as preeclampsia, 
neonatal systemic infections, prematurity, infants of 
diabetic mothers and metabolic disorders. Two subjects 
with underlying metabolic diseases-urea cycle enzyme 
defects, which developed hyperammonemia, also were 
excluded. During the first 24 hours of the birth before 
initiating hyperalimentation, venous blood samples 
were taken and 2 ml blood collected on EDTA and 
transferred with dry ice. Then plasma ammonia levels 
were measured by colormetric method (Cobas Integra 
Auto analyzer, Germany). Values of 50- 100 μg/dl as 
normal ranges of plasma ammonia (for full term neonate) 
and values above 150 μg/dl as hyperammonemia were 
defined (14). 
After detection of hyperammonemia in each case, 
treatment was started immediately using sodium 
benzoate, 250 mg/kg as bolus dose during 90-120 
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Discussion
Hyperammonemia is a medical emergency that may 
lead to coma. Rapid management is essential to achieve 
the desire results. Although severe hyperammonemia 
for more than 24 h is associated with an irreversible 
damage of nervous system, probably the duration of 
hyperammonemia is more important than the level of 
plasma ammonia. Neonatal hyperammonemia may 
develop due to inborn errors of metabolism - such as urea 
cycle enzyme defects and organic acidemias, hepatic 
failure, portal systemic encephalopathy, hypovolemic 
shock, prematurity, respiratory distress syndrome and 
asphyxia (11, 15). 
Elevating plasma ammonia levels during hypoxic 
stress are ascribed to increased protein breakdown 
and decreased ammonia clearance in the liver (16). 
Hyperammonemia occurs more in severely asphyxiated 
newborn and lead to CNS disruption that can be 
associated with neurologic complications such as 
seizure and coma (11, 14). In our study, plasma ammonia 
levels were evaluated in neonates with perinatal 
asphyxia, and hyperammonemia was detected in 20% 
of subjects. There was no association between gender, 
gestational age, birth weight, asphyxia severity and 
plasma ammonia levels. From 82 high-risk neonates, 
19 (23%) had hyperammonemia, which was higher 
in asphyxiated infants and there was no correlation 
between plasma ammonia levels and birth weight (14). 
Goldberg et al. studied 12 infants with severe perinatal 
asphyxia who had hyperammonemia (302-960 μg/
dl). The survivors had severe neurologic dysfunction 
that suggested clinical entity secondary to perinatal 
hyperammonemia (11). Beddis et al. measured plasma 
ammonia in 42 neonates admitted NICU with perinatal 
asphyxia and hyaline membrane disease. One hundred 
and two specimens were taken within the first three 
weeks of life. Twenty-seven cases had birth asphyxia. 
Mean plasma ammonia levels was 132.3 μg/dl with 
ranges from 44.8 to 357 μg/dl (17). Although plasma 
ammonia levels in their study was above normal ranges 
especially in asphyxiated cases, It was lower than 
our findings that may be due to their small size study, 
heterogenesity of cases and their different technique of 
ammonia measurement and equipment. 
We treated all patients with hyperammonemia. As short 
min and 250 mg/kg for 24 h intravenous infusion as 
routine protocol of treatment for hyperammonemia 
in our center. Plasma ammonia were checked daily 
and after reaching to normal levels, benzoate infusion 
was tapered. Daily follow up and management of 
patients with hyperammonemia was performed by the 
neonatologist. In all patients with hyperammonemia, 
treatment with sodium benzoate was continued for 3-7 
d until normalizing of plasma ammonia levels.
Data about gestational age, divided to four groups of 
37, 38, 39 and 40 wk, sex, birth weight, and asphyxia 
severity were analyzed using SPSS 13 software 
(Chicago, IL, USA). Student’s t-test, ANNOVA, Chi-2, 
and Pearson’s correlation were performed for analysis.
Results
Among 100 neonates with perinatal asphyxia, 56% were 
male. Mean gestational age was 38.0 ± 1.2 wk (rage 37 
to 40 wk). Birth weights were between 1670 gr and 
4080 gr (mean 2753 ± 512 gr). Fifty-eight patients had 
stage2 of asphyxia and 42 cases stage 3. Mean plasma 
ammonia level was 222 ± 100 μg/dl. Twenty percent 
of cases had hyperammonemia (Plasma ammonia 
levels more than 150 μg/dl). After consultation with an 
endocrinologist, it was treated. 
There was no significant difference between boys and 
girls in terms of plasma ammonia levels (217 ± 100 μg/
dl vs. 229 ± 100 μg/dl, respectively; P=0.58). Besides, 
no significant difference was seen between plasma 
ammonia levels and gestational age (P=0.50). Mean 
plasma ammonia level was 199 ± 70 μg/dl in neonates 
with stage 2 of asphyxia, and 209 ± 70 μg/dl in stage 
3 asphyxia cases. However, this difference was not 
statistically significant (P=0.54). 
The patients were divided into groups with and 
without hyperammonemia and were compared. 
Hyperammonemia was not related to sex, birth weight, 
and asphyxia severity in two groups (Table 2). Six 
patients died and mean plasma ammonia levels was 
206±122 μg/dl. In this group, there was no significant 
relation between plasma ammonia level and severity 
of asphyxia (P value = 0.5) and no difference between 
plasma ammonia in dead and lived neonates as well (P 
value=0.18).
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neonates, for early diagnosis and appropriate 
management of hyperammonemia and it may improve 
some neurologic manifestations in these patients. 
However, there are some cases of inborn error of 
metabolism such as two cases with urea cycle enzyme 
defects with asphyxia and hyperammonemia admitted 
but excluded from our study. These cases must be 
evaluated with metabolic screening before diagnosis of 
transient hyperammonemia.
We had some limitations including not having obstetric 
ward in our center and not able to preciously evaluate 
the patients and observe them during the labor. Besides, 
we could not have two hyperammonemic groups with 
and without treatment for comparison. 
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outcome, six patients died because of severe hypoxic 
brain damage and not due to hyperammonemia. Although 
4 cases of dead neonates had hyper- ammonemia, there 
was no significant difference between plasma ammonia 
levels in dead and lived neonates. It means that treatment 
of hyperammonemia may improve prognosis, but other 
causes such as severe hypoxic brain damage, lead to 
death in asphyxiated neonates, which are unavoidable. 
According to our findings, hyperammonemia and 
asphyxia may be concomitant and it can cause further 
damage of the nervous system in the patients. 
It is not routine to do metabolic screening for neonates 
after birth in our country. Therefore, it is recommended 
to evaluate plasma levels of ammonia in asphyxiated 
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Table 1. Clinical Characteristics of All Neonates with 
Perinatal Asphyxia
Variables                                 Numbers
Gestational Age (weeks)        38.0±1.2
Gender
        Male                                 56%     
        Female                              44%
Birth weight (gr)                     2753± 512
Ammonia level (mg/dl)          222 ± 100
Asphyxia severity
        Stage 2                              58%
        Stage 3                              42%
Table 2. Characteristics of Asphyxiated Newborns with and without Hyperammonemia
Variable Hyperammonemia[n=20] n (%)
Normal ammonia
[n=80] n (%) P-value
Gestational Age (weeks)
37
38
39
40
11 (55)
3 (15)
1(5)
5 (25)
39 (49)
14 (17)
12 (15)
15 (19)
0.63
Gender MaleFemale
10 (50)
10 (50)
46 (57.5)
34 (42.5) 0.54
Asphyxia severity
Stage
Stage
2
3
12 (60)
8 (40)
46 (57.5)
34 (42.5) 0.35
Death
Stage  2
Stage  3
 
1(5)
3(15)
1(1.25)
1(1.25)  0.5
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